Background Socio-economic inequalities in maternal and child health are ubiquitous, but limited information is available on how much the quality of care varies according to wealth or ethnicity in low-and middle-income countries. Also, little information exists on quality differences between public and private providers.
Introduction
Socio-economic inequities in maternal and child health are present throughout the world, irrespective of a country's level of health and wealth. Survey data from low-and middleincome countries show consistent pro-rich patterns in terms of antenatal and delivery care, access to health services and coverage of preventive and curative interventions (Victora et al. 2003; Gwatkin et al. 2007; PPHCKN 2007; Boerma et al. 2008) . While studies from North America unfailingly show inequities in health between ethnic groups (Williams 2002; Betancourt and Maina 2004 ; ACOG-Committee on Health Care for Underserved Women 2005), less is known on this topic for low-and middle-income countries-the notable exceptions being Brazil (Barros et al. 2001) and South Africa (Kon and Lackan 2008) where several studies show striking differentials. In spite of the abundance of data on inequities in access, utilization, coverage and health status, much less is known about how the quality of maternal and child health care varies according to wealth or ethnic group.
The Brazilian health care system underwent a major reorganization in the early 1990s as a consequence of the 1988 Constitution, which established that 'health is the right of all and the State's responsibility'. A unified national health service (Sistema Ú nico de Saúde, or SUS) was created. Preventive and curative services are provided to the whole population without any type of user fee for outpatient or inpatient care. Although the system is universal, about onequarter of the population opt for private insurance or-less often-for out-of-pocket payments to private providers . These alternatives usually ensure easier access to services and their quality is perceived by the population as being higher.
The coverage of antenatal care in Brazil is very high and only 2.5% of all pregnant women fail to attend an antenatal clinic (SINASC 2005) , but poor quality of care is often reported (Coimbra et al. 2003; Puccini et al. 2003; Almeida and Barros 2005) . Some authors have measured adequacy of antenatal care by using composite indicators, such as the Kessner (Kessner et al. 1973) and Kotelchuck (1994) indices, which combine the number of attendances with information on gestational age at first visit. Those scores show strong pro-rich patterns (Leal et al. 2004; Almeida and Barros 2005) . Few studies have investigated whether socio-economic status also affects the proportion of recommended procedures that are carried out during antenatal care (Barros et al. 2001; Puccini et al. 2003; Almeida and Barros 2005) . A recent systematic review noted the paucity of studies on the actual quality of maternal and child health care broken down by socio-economic position or ethnic group (Barros and Victora 2007; PPHCKN 2007) . Also, there are few studies in the literature comparing the use of maternal and child health services in the public and private sectors (Gwatkin et al. 2004) and even fewer on the quality of care in these sectors (Mills et al. 2002; Bojalil et al. 2007) .
A population-based birth cohort study was carried out in southern Brazil in 2004 that provides an opportunity to investigate the quality of antenatal care. This article documents socio-economic and racial/ethnic inequalities in procedures performed during antenatal care, as well as differences between public and private providers.
Methods
Pelotas is located in the extreme south of Brazil, with a population of about 340 000 inhabitants. More than 99% of all deliveries take place in hospitals. From 1 January 2004 to 31 December 2004 inclusive, a birth cohort study attempted to enrol all births to mothers resident in the urban area. Eligible subjects for the perinatal study included all live births, as well as still births weighing at least 500g or with at least 20 weeks of gestational age. A detailed description of the methodology is given elsewhere (Barros et al. 2006) . Births were identified through daily visits to the five maternity hospitals. Mothers were interviewed soon after delivery using a pre-tested structured questionnaire. Information was obtained on demographic, socio-economic, behavioural and biological characteristics, reproductive history and health care utilization.
Family income in the month prior to delivery was collected as a continuous variable (in Reais) and quintiles were constructed. Mother's skin colour was self-reported and used as a proxy for ethnic background. Skin colour options were: white, brown, black, Asian and indigenous. Asian and indigenous women, who represent 0.3% and 0.7% of the cohort, respectively, were excluded from the analysis. Additional analyses were carried out using skin colour as rated by the interviewers.
Information on antenatal care and number of consultations was taken from existing records or, if unavailable, obtained through maternal self-report. The number of antenatal care consultations was categorized as 0, 1-3, 4-6 or !7. Information was collected on procedures recommended by the Brazilian Ministry of Health (Ministério da Saúde 2006). Mothers were asked whether each of the following procedures was carried out at least once during antenatal care: measurement of uterine height and blood pressure, gynaecological and breast examination, screening for cervical cancer (Pap smear), administration of tetanus toxoid, prescription of iron and vitamins, breastfeeding counselling, and blood and urine analyses. Information was also collected on the number of ultrasound examinations, even though these are not considered essential procedures by the Ministry of Health.
Adequacy of antenatal care was studied by assigning one point to each of the above-listed procedures, resulting in a score ranging from 0 to 11. In addition, procedures were divided into three categories and separate scores were calculated: physical examination and counselling (breast and gynaecological examination, Pap test and counselling about breastfeeding; range 0-4), measurements (measurement of uterine height and blood pressure, and blood and urine analyses; range 0-4) and prescriptions (tetanus toxoid, iron and vitamins; range 0-3). We also carried out factor analyses of the 11 items, but the components arising from this method did not have a clear interpretation; for this reason the simple additive scores were adopted. Ultrasound exams were analysed separately.
Type of health insurance scheme was categorized as publicly funded Unified Health System (SUS), private insurance or outof-pocket payment (direct payment to private providers). For some analyses, private insurance and out-of-pocket money were merged into a single category ('private sector') because both are carried out in private clinics.
We used 2 tests to compare the distribution of maternal characteristics and antenatal procedures by quintiles of family income and by maternal skin colour. When appropriate, tests for linear trends were also performed. The slope index of inequality (SII) was estimated to measure the magnitude of differences in antenatal care procedures across categories of family income and maternal skin colour (Mackenbach and Kunst 1997) . The SII is derived via regression of mean health outcome within a particular social group on the mean relative rank of social groups. Categories of family income and maternal skin colour were first ordered from the lowest (rank) to highest and the midpoint of the proportion of the participants in each category was estimated. The SII was then obtained by regressing each of the procedures performed during antenatal care on the midpoint score and was interpreted as the hypothetical absolute difference in outcome between the top and the bottom of the family income and maternal skin colour hierarchy. Linear regression analysis was used to estimate the association between adequacy of antenatal care (continuous variable) and explanatory variables (family income and maternal skin colour) in separate models. In the first model family income or maternal skin colour were included alone. In the second model the other explanatory variable was added to determine whether, for example, any association between adequacy of antenatal care and family income was affected by maternal skin colour. In the third model parity was included. In the final model, we further adjusted for number of prenatal consultations and gestational age at the first consultation.
All analyses were performed with Stata software version 10.0 (StataCorp LP, College Station, Tex). The study protocol was approved by the Medical Ethics Committee of the Federal Unviersity of Pelotas, affiliated with the Brazilian Federal Medical Council. Written informed consent was obtained from women who agreed to participate in the study.
Results
A total of 4244 mothers were interviewed. Non-response rate at recruitment due to refusals was 0.75% (n ¼ 32). There was a strong association between skin colour and family income. Black women represented 23.0% of those in the poorest quintile, and 6.9% of those in the richest. The socio-economic status of brown-colour women fell in between that of whites and blacks.
Antenatal care characteristics according to strata of family income and maternal skin colour are shown in Table 1 . Attendance was nearly universal, but the number of consultations was higher among better-off and white women. These groups were also most likely to start antenatal care in the first trimester of pregnancy. About four in every five women received care through SUS. Use of private insurance and outof-pocket payments was also more common among white and better-off women.
As expected, women who started antenatal care in the first trimester had a higher number of attendances (9.2 visits) 
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compared with those starting in the second (6.2 visits) or third trimester (3.5 visits) (P < 0.001), with similar patterns in both the public and the private sectors. Similarly, women who started antenatal care in the first trimester had a higher mean global score of adequacy of antenatal care (8.6 out of a maximum of 11 points) compared with those starting in the second (7.7 points) or third trimester (6.9 points) (P < 0.001). The number of procedures was studied for each insurance scheme (Table 2) . Five procedures were nearly universally performed: uterine height and blood pressure measurements, blood and urine analyses, and ultrasound. Women with private insurance or who relied on out-of-pocket payments had very similar numbers of procedures, but those receiving antenatal care in the public sector presented lower frequencies in 9 of the 12 procedures. No differences were observed in three procedures: measurement of uterine height, measurement of blood pressure and administration of tetanus toxoid.
Eight out of 12 procedures carried out during antenatal care showed higher frequencies among better-off women (Table 3) : breast and gynaecological examination, screening for cervical cancer, counselling about breastfeeding, blood and urine analyses, prescription of vitamins and ultrasound. A similar pattern was shown by maternal skin colour, with the lowest frequencies among black women and intermediate frequencies among brown-colour women (Table 3) . Although statistically significant at the 0.05 level, some of the procedures showed small absolute differences between the groups.
The score for adequacy of antenatal care showed an approximately normal distribution (mean 8.3, SD 1.7). Private sector users had higher global score means than women using the public sector, within all categories of family income and maternal skin colour (Figure 1) . After stratification by family income, mean scores for public patients were 1.11 (SE 0.07, P < 0.001), 0.80 (SE 0.05, P < 0.001), 0.04 (SE 0.01, P ¼ 0.008) and 0.29 (SE 0.04, P < 0.001) units lower than private patients for the global, physical examination and counselling, measurements and prescriptions scores, respectively. After stratification by skin colour, again public patients' scores were on average 1.27 (SE 0.07, P < 0.001), 0.89 (SE 0.05, P < 0.001), 0.05 (SE 0.01, P < 0.001) and 0.32 (SE 0.03, P < 0.001) units lower than private patients, respectively.
Even though at least one ultrasound examination was performed in 98% of women, the average number of examinations was higher in the top (3.4 examinations) than in the bottom quintiles (1.7 examinations; P < 0.001) and among whites (2.5) compared with blacks (1.7; P < 0.001). Table 4 shows multivariable analyses for the global score. In the crude analysis, women with low income in both public and private sectors showed lower adequacy of antenatal care than better-off women. In the private sector, the lowest regression coefficient was observed in the third quintile, based on a small sample of 59 women, but the inverse linear trend with income was statistically significant. After adjusting for maternal skin colour and parity, the patterns in both sectors remain virtually unchanged. Further adjustment for the number of consultations and gestational age at the first consultation removed the differentials in the global score in the public sector. In the private sector, the same pattern observed in the crude analyses-with the lowest score in the middle quintile-is maintained but the magnitude of the regression coefficients is reduced. These analyses have to be interpreted with caution given the small numbers of private patients in the three lower quintiles (56, 28 and 67 women, respectively, compared with 167 and 481 in the two upper quintiles).
Additional multivariable analyses were carried out to explore the difference between the public and private sectors. Prior to adjustment, the global score in the private sector was 1.28 units higher than in the public sector. On average, women attending the private sector had 10.7 visits, compared with 7.7 in the public sector (P < 0.001), while 94.6% and 67.1%, respectively, had started antenatal care in the first trimester of gestation (P < 0.001). After adjustment for the number of attendances and gestational age at the first antenatal visit-as well as for income and skin colour-this difference was somewhat reduced but still highly significant (b ¼ À0.92; P < 0.001). Figure 1 confirms that the differences between quality of care in the public and private sectors are more marked than differences due to socio-economic status or skin colour.
No associations were found between the antenatal adequacy score and maternal skin colour in the crude or adjusted analyses (Table 4 ). The number of black (n ¼ 62) and browncolour (n ¼ 95) women in the private sector reduced the power of the study of associations, but no significant differences in adequacy of antenatal care were observed in any of the models.
Discussion
The frequencies of procedures carried out during antenatal care varied according to family income and maternal skin colour. These apparent inequities, however, seemed to be primarily related to attendance patterns rather than discrimination. In the public sector; the differences in the quality indicators disappeared after adjustment for the number of antenatal visits. In the private sector, the quality score remained lowest in the middle quintile, even after adjustment for the number of visits-a finding that does not suggest the existence of discrimination against the poorest.
Women who used private care had a higher number of procedures, and this differential was not explained by maternal characteristics or by attendance patterns.
The present study is aimed at filling a gap in the literature concerning the quality of antenatal care according to type of provider and maternal characteristics. Its strengths included the population-based sample and data collection through standardized questionnaires applied by trained interviewers. However, some methodological difficulties need to be discussed. First, ethnicity is difficult to measure in epidemiological studies (Ford and Kelly 2005) , particularly in populations where miscegenation is frequent. Self-assessed maternal skin colour was used as a proxy for ethnic background. During the interview, field workers were also asked to assess maternal skin colour, and the agreement between this measurement and self-report was high (kappa ¼ 0.7). Our results were virtually unchanged when interviewer-rated skin colour was used in the analyses. We opted to use self-report because this approach is widely accepted in Brazilian society, being part of all official publications. Second, information about antenatal care procedures was based on maternal recall because care is provided by over 100 different facilities, and it would not have been feasible to review medical records. When using self-report, it is not possible to ask about specific diagnostic procedures or treatments-for example, we had to inquire about 'blood tests' when ideally one would like to have separate information for syphilis and HIV screening, and for haemoglobin levels. Finally, our data are from a single Brazilian city, but overall patterns of health care use are similar to national averages and to other studies showing inequalities in antenatal care in Brazil (Coimbra et al. 2003) . Included those women who performed the procedure before pregnancy.
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Use of antenatal services was high. The supply of antenatal care in Brazil has improved in recent years. In the mid-1990s, 15% of Brazilian mothers went through pregnancy without any antenatal care, but by 2004 this was true for fewer than 3% of all mothers (SINASC 2005) . Similar trends were observed in Pelotas: from 4.9% in 1982 to 1.9% in 2004 (Cesar et al. 2008) . Progress can be largely attributed to the creation of the Unified Health System in the late 1980s, when free access to all types of health care was promised to the whole population. There are no user fees for attending governmental health services, and unofficial, so-called 'under-the-table', payments for outpatient care are very unusual . Nevertheless, social and ethnic inequalities persist for several health care indicators in Brazil (Comissão Nacional de Determinantes Sociais em Saúde 2008).
Coverage of at least one antenatal care appointment was almost universal, ranging from 96% among the poorest to 99% for the richest. This is consistent with the wide availability of primary health care facilities-about 50 governmental health posts in the urban area, or one per 7000 population, plus scores of private clinics-and their broad distribution throughout the city. Nevertheless, better-off women were more likely to start early and to have a larger number of antenatal visits. Likewise, black women entered prenatal care later and had fewer antenatal consultations than white or brown-colour women. Because there are no user fees, nor other direct out-of-pocket payments in the public sector, these differential patterns are likely related to other types of economic barrier (e.g. transportation costs, or time lost from work), or else to cultural or educational factors that result in poor and black women delaying their first request for antenatal care.
All antenatal procedures analysed in the present study-with the exception of ultrasound-are considered essential components of antenatal care according to the Brazilian Ministry of Health (Ministério da Saúde 2006). The evidence base supporting each of these procedures is variable (Carroli et al. 2001) , but the objective of our study is not to describe truly effective interventions, but to assess how currently recommended interventions are reaching different groups of women. Further studies including direct observation of antenatal consultations, rather than 258 HEALTH POLICY AND PLANNING maternal report on procedures, will allow investigators to report the frequency of each evidence-based intervention (Carroli et al. 2001) , rather than use the broad groupings such as blood or urine analysis that were used in this article. Due to this restriction on the nature of the data collected, it was not possible to limit the analyses to interventions with proven efficacy.
Measurement of blood pressure had almost universal coverage in all socio-economic and ethnic groups. This procedure is routinely carried out by nurses prior to the medical consultation, being repeated at every visit. Large social and ethnic group differences, however, were present for procedures that are carried out by doctors, such as breast and pelvic examination, and screening for cervical cancer. Socio-economic and ethnic group inequalities in clinical breast examination have been described previously in Brazil (Dias-da-Costa et al. 2007 ) and in Mexico (Couture et al. 2008 ). We did not find ethnic differences in breastfeeding counselling, although there were important differences in breast examination. In the USA, black women were less likely than whites to report receiving breastfeeding advice during antenatal care (Kogan et al. 1994) . Neither socioeconomic nor ethnic differences in iron prescription during antenatal care were found in our study, but that was not the case with vitamins. Whereas iron tablets are freely available in government facilities and are inexpensive at private drugstores, multivitamin tablets prescribed for pregnant women are not freely available, costing about U$20 for a monthly prescription. A similar pattern of inequality has been described in the USA (Gavin et al. 2004) .
Of particular interest is the frequent use of obstetric ultrasound in all social groups, ranging from 94% among the poorest to 99% among the richest. Ultrasound examinations are not part of the procedures recommended by the Ministry of Health, but are nevertheless provided free of charge by the publicly funded Unified Health System. The almost universal use of ultrasound is in sharp contrast to the very low prescription of vitamins, and each of the four components of physical examination and counselling. In a previous publication we discussed possible reasons for the overuse of medical technologies including caesarean sections and ultrasound examinations .
Important differences in the quality of antenatal care between public and private facilities were found in the present study. 
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These differences were present within every socio-economic and ethnic group (Figure 1 ), so that they do not arise from the fact that rich and white women are more likely to attend the private sector. We explored the possibility that these differences could be explained by utilization patterns because private patients had not only a higher number of visits but were also more likely to start antenatal care in the first trimester than women attending the public sector. However, even after adjustment for these differences, antenatal care quality was still higher in the private than in the public sector. As in most high-and middleincome countries, the private sector in Brazil is used by families who are able to afford private health insurance or to make outof-pocket payments; in our study 58% of women in the top quintile used the private sector compared with only 6% in the poorest quintile. Private clinics tend to have better installations and longer consultation times than those in the public sector, and private doctors receive better pay. Therefore, it is not surprising that a larger number of recommended procedures are carried out in the private sector, a finding that has also been reported in South Africa for cervical cancer screening (Bailie et al. 1996) . However, our findings cannot be extrapolated to low-income countries because in these settings the private sector is largely made up by informal, unregulated and unqualified providers catering mostly for the poorest strata of the population (Mills et al. 2002) . Health care is just one domain in which unequal treatment of the poor and of ethnic minorities is known to occur. Socioeconomic as well as ethnic discrimination are present in other domains, such as education, labour markets, the criminal justice system and political participation (Heringer 2002) . However, in the present study, there was no quantitative evidence of overt discrimination against the poor by health workers, either in the public or in the private health sector. Nevertheless, the poor and black women and their babies show worse outcomes than the rest of the population , which could reflect the presence of other social, environmental or nutritional disadvantages, rather than differential antenatal treatment.
In terms of policy implications, our findings suggest the need for investing in the demand and supply sides. Women, particularly those in the socially disadvantaged groups, should be encouraged to start antenatal care early in pregnancy so that they can benefit fully from it. And the quality of care, particularly in the public sector, has to be improved. Most of the procedures included in the present analyses could have been delivered in a single visit, so that even women who failed to attend more than once would be covered. Finally, there is a need for regular monitoring of antenatal attendances and quality of care with an equity lens, in order to assess how different social groups are benefiting from the progress of health care.
